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Abstract 

Diallyl Disulphide (DADS) is a phytochemical found in the plants of the genus Allium. It is the principal organosulphuric 
component of distilled garlic oil. Many medicinal benefits like antimicrobial, antiviral and insecticidal are attributed this 
compound. However the biochemical explanation for such an action remains unexplored. This current study strives to explore 
the explanation for antimicrobial activity of the compound using the most common skin inhabitant Gram positive bacteria, 
commonly causing nosocomial infections- Staphylococcus aureus.

The Minimum Inhibition Concentration (MIC), Minimum Bactericidal (MBC) Concentration of DADS, its effect on growth curve 
and time kill curve of S. aureus has been established. In the current study S. aureus was cultured in the broth containing 
1/8 MIC of DADS. The staphylococcal cells were harvested; biochemical components were extracted and quantitated using 
appropriate biochemical analytic tests.

The biochemical components focused on were of those abundantly present and those that contribute to the materialization of 
the staphylococcal cell envelope total lipids, total lipid phosphorous and total carbohydrates. 

The biochemical component extracts of S. aureus tested revealed significant reduction in the total lipids (70%), total lipids 
phosphorous (50%) and total carbohydrates (34%). This reduction in the components may be attributed to the hypolipidemic 
and hypoglycemic properties of DADS and could further lead to changes in the anabolic processes.

Since the cell envelope of the bacterial cell is primarily made up of lipids, phospholipids and peptidoglycan (a carbohydrate 
polymer). The evident reductions in the studied components indicate reflective impact of DADS on the cell envelope of S. 
aureus. This study can be extrapolated in innovation of a new phytochemical-antibiotic against the life threatening multidrug 
resistant human pathogens.
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Introduction

The Staphylococcus aureus is gram positive cocci 
appearing in ‘grape like clusters’. These are among the most 
common bacteria inhabiting the skin, cutaneous glands and 
mucous membranes of mammals [1]. The nose is a most 
common habitat for S.aureus [2]. A rate of S. aureus carriage 
is higher in those infected with HIV compared with health 
care workers and patients with range of chronic diseases [3]. 
The carriage rates are also higher in individuals with insulin 
dependent diabetes, in patients on continuous ambugalatory 
peritoneal dialysis and hemodialysis and in intravenous drug 
abusers when compared to healthy populations [4].

S.aureus is common and important pathogen causing 
community acquired, hospital acquired and toxin mediated 
diseases. The community acquired infections include toxin 
mediated infections affecting skin and soft tissue; infection 
of bones and joints, infection relating to other deep sites, and 
infection of the lung and the urinary tract. This conditions 
occur both in those with known risk factors, and in individuals 
who were previously fit and healthy. Ventilator-associated 
pneumonia, bacteremia associated with intravenous devices, 
and infection associated with other types of prosthetic 
materials such as cerebrospinal fluid shunts, prosthetic 
joints, and vascular grafts. The most common deep seated 
infections are endocarditis and bone and joint infections [5].

The dry cellular mass harvested from the cell culture in-
vitro mainly consists of the constituents of the cell envelope 
of the bacteria and a very minute amount of the intracellular 
structures. 

The cell envelope of the S.aureus typically consists of 
cell wall and cell membrane. The microcapsule although 
may be present, often in the fresh isolates from the clinical 
specimens [6].

The cell membrane is typical lipid-protein bilayer 
composed mainly of phospholipids and proteins the 
phospholipids and glycolipids are major components of the 
lipids in the cell membrane of the S.aureus [7-9].

50-60% dry weight of S.aureus consists of carbohydrate 
polymer peptidoglycan and teichoic acid. The peptidoglycan 
is the carbohydrate polymer that plays important role in 
manufacturing the structural shape of the cell.

Herbs and herbal extracts have been used in medicine 
since ages. Many of the pharmaceutical preparations used by 
physicians even today have a long history of use as herbal 
remedies, including opium, aspirin, digitalis and quinine. The 
World Health Organization (WHO) survey states that 80% of 
the world’s population presently uses herbal medicine for 

some aspect of primary health care [10].

It also states 25% of modern drugs used in the United 
States have been derived from plants [11]. Also 7000 
medicine compounds in the modern pharmacopoeia are 
derived from plants [12]. The most significant are the garlic 
and its extracts, as well as garlic related phytochemicals. 
Garlic (Allium Sativum Linn) has a long history as a 
treatment for cold, cough and asthma, and is reported to 
strengthen immune system [13]. It has many medicinal 
effect such as lowering blood cholesterol level, anti-platelet 
aggregation, anti-inflammatory activity 13 and inhibition 
of cholesterol synthesis [14-16]. It has also been known 
to have antibacterial, antifungal, anticancer and antiviral 
properties [17-21]. The main antimicrobial constituents 
of garlic have been identified as the oxygenated sulphur 
compound, Thio-2-propane 1- sulfinic acid S-alkyl ester, 
which is referred as allicin [22]. Hughes and Lawson showed 
that antimicrobial activity of garlic is completely abolished 
when the thiosulfinates are removed from the extracts [23].

Diallyl Disulfide (DADS) is an organosulphur 
compound found in plants of the genus Allium. Along with 
diallyltrisulphide and diallyltetrasulfide, it is one of the 
principle components of the distilled oil of garlic. Many 
properties including antimicrobial, insecticidal and larvicidal 
have been attributed to this compound of garlic oil [24]. 

Though garlic, its extracts and garlic oil have a significant 
antimicrobial activity as well as anti-staphylococcal functions, 
the exact garlic component showing these activities is not 
precisely explored. DADS, the principle organosulphur 
component of garlic oil which is responsible for many of the 
beneficial functions of garlic is thought to be responsible for 
garlic’s antimicrobial actions. The mechanism or biochemical 
explanation fo0r such an action of either garlic extracts or 
its organosulphur compounds have not been established. 
Hence the current study explores the in-vitro impact of 
diallyldisulphide (DADS) on the biochemical components 
of the cell envelope of Staphylococcus aureus ATCC 25293 
which may be explanation of one of the mechanism of action 
of DADS.

Earlier the Minimum Inhibitory concentration (MIC), 
Minimum bactericidal concentration (MBC) against 
nosocomial pathogens and effect DADS on growth curve 
and time kill curve has been published [25, 26]. In the 
current study the in-vitro impact of diallyldisulphide (DADS) 
on the biochemical components of the cell envelope of 
Staphylococcus aureus ATCC 25293 are presented.

Since the major biochemical constituents of the cell 
envelope are lipids and carbohydrates this study states the 
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changes in lipid and carbohydrates components of the cell 
mass of S.aureus induced by DADS with respect to the cell 
mass of controls(without DADS).

Materials and Methods

All the chemicals employed in this study were of 
analar grade (A.R) DADS was procured from Sigma-
Aldrich chemicals Pvt. Ltd. USA. All media used were of 
dehydrated media purchased from Himedia Pvt.Ltd. India. 
Staphylococcus aureus ATCC strain 25293 was procured 
from St. John’s Medical College, Bangalore.

The study was consisted of two study groups: Control 
group-consisting of strains grown in Mueller Hinton broth 
(MHB) without DADS, and test group- consisting of strains 
grown in MHB with sub-minimum inhibition concentration 
of DADS.

The data entry was carried out using Microsoft Office 
Excel worksheet and statistically analyzed. The p value was 
calculated from the student‘t’ test.

The experiments were conducted as per the norms of 
institutional ethical committee of Basaweshwara Medical 
College, Chitradurga, and Karnataka, India.

Growth Harvest

The MHB was prepared as per the manufacturer’s 
directions and autoclaved and checked for sterility by 
incubating the media at 37°C for 18-24 hours. The sterile 
broth was inoculated with standard inoculum of 0.5 
McFarland turbidity. The broth was incubated for 48 hours 
and subculture was done from this culture onto a fresh 
nutrient agar in order to ensure purity of the growth. 
Further this MHB proceeded for harvesting the growth for 
biochemical parameter studies.

Bacterial Growth Harvest

 The growth was subjected to centrifugation for 10 
minute at 5000 rpm. The supernatant was discarded and the 
sediment was collected, weighed and used for extraction and 
estimation of total lipids, phospholipids and carbohydrates.

Extraction of Carbohydrates 

The harvested cell mass was homogenized with 9 
parts of phosphate buffer (pH=7.4) using Potter Elvejham 
tissue homogenizer for 10 minutes. The homogenate was 
centrifuged for 5 minutes at 5000 rpm. The supernatant was 
used for the estimation of total carbohydrates [27]. 

Extraction of Cellular Lipids 

The harvested cell mass homogenized with 9 parts 
of chloroform-methanol mixture (1:1, V/V) using Potter 
Elvejham tissue homogenizer for 10 minutes. The 
homogenate was centrifuged for 5 minutes at 5000 rpm. 
The supernatant was used for the estimation of lipids and 
phospholipids [28]. 

Estimation of Total Lipids

Total lipids in the extract were estimated by Sulpho-
vanillin reaction of Chabro and Charronat, as given by 
Choudary [29]. The total lipid content in growth extract 
was reported in milligrams and was calculated using the 
following equation and were reported in mg/g growth.

Absorbance of  Test  absorbance of  BlankMg total lipid / g growth 1
Absorbance of  Standard  absorbance of  Blank 0.005

−
= ×

−

 
Estimation of Total Phospholipids

Phospholipids in the harvested cell mass homogenates 
were estimated by the modified method of Youngberg and 
Youngberg as described Nath RL [30]. The lipid phosphorous 
content in the growth extract was estimated using the 
following equation and reported in milligrams per gram 
growth.

Absorbance of  unknownMg lipid phosphorous / g growth 1
Absorbance of  standard 0.033

= ×

Estimation of Total Carbohydrates 

The total carbohydrate was estimation using Folin 
wu’s Phenol-Sulphuric acid method. The total carbohydrate 
content in the growth was estimated using the following 
equation and reported in milligrams per gram growth.

Absorbance of  the testMg total carbohydrate / g growth Concentration of  Standard
Absorbance of  Standard

= ×

Results and Discussion

The DADS induced biochemical effects in S. aureus 
ATCC 252933 was studied by culturing the bacteria in MHB 
containing 1/8 X MIC of DADS (test) as well as in MHB 
without DADS (control).

The results of the experiments conducted to study the 
effect of DADS on the content of total cellular lipid, total 
cellular lipid phosphorous, total cellular carbohydrates of 
the S.aureus ATCC 25293 is given in table No. 1 and depicted 
in the following graph.
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Set
Total lipid cellular content Total cellular lipid phosphorus Total cellular carbohydrates

Control Test Control Test Control Test
Series 1 3.293 0.8 0.101 0.053 2.35 1.65
Series 2 2.667 0.9 0.098 0.040 2.35 1.49
Series 3 3.105 0.9 0.105 0.055 1.81 1.44
Series 4 3.227 1.0 0.112 0.047 2.4 1.44
Series 5 3.057 1.0 0.102 0.050 2.4 1.44
Average 3.0698 0.92 0.104 0.049 2.262 1.49
p Value < 0.05

Table 1: The results of the experiments conducted to study the effect of DADS on the content of total cellular lipid, total cellular 
lipid phosphorous, total cellular carbohydrates of the S.aureus ATCC 25293.

Graph 1: The effect of DADS on the content of total cellular lipid, total cellular lipid phosphorous, total cellular carbohydrates 
of the S. aureus ATCC 25293.

As evident from the table and the graph, in the tested 
bacterial cell mass, the total cellular carbohydrate content 
is reduced by 34%; the total cellular lipid phosphorus 
content is approximately halved, whereas the total cellular 
lipid is significantly reduced by 70% in the test groups in 
comparison with the control groups. 

Several research studies have consistently confirmed 
the beneficical effects of garlic (Allium sativum Linn) and its 
extracts [31, 32]. Most of these effects are attributed to their 
organosulphur compounds. The principle organosulphur 
compound of garlic extract is DADS 33 and its most 
predominant beneficial effect is antimicrobial action [32]. 

The antimicrobial action of DADS in terms of its MIC and 
MBC has been reported as 1mg/L and 2mg/L respectively 
[25]. The effect of DADS on growth curve and time kill kinetics 
have also been explored and found to significant [26]. 

In the current study, invitro impact of DADS on the 
biochemical components of the cell envelope of S.aureus 
ATCC 25293 was explored to extrapolate the earlier studies 
and derive a probable explanation for such an action.

Many metabolic activities of the bacterial cell differ 
significantly from those of the human cell. Theoretically 
these differences can be exploited in the chemotherapy for 
infections. Generally an antimicrobial substance has one 
or more mode of action including: inhibition of cell wall 
synthesis, alterations in cell membrane, inhibition of nucleic 
acid synthesis and anti-metabolic activity. 

Although few other studies established anti-
staphylococcal action of DADS studies to evaluate the 
explanation of such an action are meager. As stated in the 
results, the biochemical components of the bacterial cell 
mass; total lipids, total phospholipids and total carbohydrates 
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are decreased significantly [32-34]. 

DADS, a known hypolipidemic compound decreases 
the lipid levels by decreasing the available NADPH levels. 
The Total cellular lipid content was decreased (70%) in the 
test group in comparison with control groups indicate that 
a similar DADS induced NADPH mediated hypolipidemic 
action might have occurred [35].

The decrease in the total cellular phospholipid content 
of the test group (53%) are in agreement with the reports 
of Yousuf et.al stating decrease in the phospholipid content 
in Candida sps [36]. This may be attributed to DADS induced 
decrease in the activity of enzyme glycerol phosphate 
dehydrogenase [35].

The decrease in total cellular carbohydrate (34%) may 
be due to DADS induced (i) inactivation of the thiol enzyme 
N-arylamine N-acetyl transferase or (ii) hypolidemic activity. 
Peptidoglycan, which is the major form of carbohydrate in 
the bacterial cell, requires lipid II as the precursor and the 
enzyme N-arylamine N-acetyl transferase for its biosynthesis 
[37, 38]. 

Overall decrease in the biochemical components of the 
staphylococcal cell mass explored in the invitro current 
study indicates the garlic derived allyl compound DADS has 
great impact on its cell envelope, thereby resulting in its anti-
staphylococcal action.

Conclusion

Although the current study indicates significant impact 
of DADS on the cell envelop components of S.aureus further 
studies in this regard are essential to explain the exact 
mechanism for anti-staphylococcal action of DADS. The 
study may be extrapolated in discovery of new antimicrobial 
phytochemical that may be solely used for treatment or may 
be used as an additive to the antimicrobial compounds to 
treat multi drug resistant bacterial infections.
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